Four hundred fifty-one patients with transient ischemic attacks (TIA) occurring within 1 month of hospitalization, admitted during 1977-1983, were analyzed to establish the effect on survival of age, race, sex, distribution of TIA, cigarette smoking, previous cerebral infarction or hemorrhage, previous TIA, or history of ischemic heart disease, valvular heart disease, cardiac dysrhythmia, hypertension, and diabetes mellitus. Proportional hazards analysis revealed that decreased survival was associated with increasing age, carotid artery distribution TIAs (compared with vertebrobasilar distribution TIAs), cigarette smoking, previous contralateral stroke, ischemic heart disease, and diabetes mellitus. We found great variation in the estimated survival of TIA patients, ranging from 5-year survivals of > 95% for 60-year-old patients with none of these risk factors to < 25% for patients with all of these risk factors. Although the survival of the strata differed, the average mortality rates for this series of patients was about one-half of that observed for 225 patients accessed and followed by our center during 1961-1973. (Stroke 1987;18:552-557)
T
here has been little consistency in reports of the prognosis for transient ischemic attack (TIA) patients. For example, our previously reported TIA population 1 had a 5-year survival of approximately 65%, while that of Muuronen and Kaste 2 had a 5-year survival of 90%. Recently, Shah et al 3 noted that the proper therapy for TIA would differ greatly depending on which reported mortality figures are considered. For example, assuming a surgical complication rate of 7% and a reduction in mortality following surgery of 33%, our center's 35% mortality for North Carolina may justify the consideration of surgical intervention, while the 10% mortality of Muuronen and Kaste for a Finnish population probably does not. Other authors 4 
"
12 have also reported the survival of patients following TIA, with estimated survival generally falling between that of our previous report and that of Muuronen and Kaste. This report details the survival of TIA patients evaluated and followed since our previous report of 1978 ' and considers reasons for large variations in the reported ranges of survival probabilities.
Previous analyses either considered all patients with TIA as a group or analyzed one variable at a time, even though one would expect great differences in the prognosis of subsets of patients depending on their individual risk profiles. For example, a young individual without heart disease suffering a TIA should theoretically fare better than an older person with it. Both Shah et al 3 and Muuronen and Kaste 2 recognized this possi-bility when they discussed that the differences between our population and that of Muuronen and Kaste could be attributable in part to the differences in the risk factor profile of the two populations. For example, 57% of our TIA patients had hypertension and 55% had cardiac disease compared with 27% and 17%, respectively, in the population of Muuronen and Kaste.
Subjects and Methods
All TIA patients admitted to North Carolina Baptist Hospital are entered into the neurologic registry in which standard examinations and tests are contained. This cohort consists of 451 TIA patients accessed between 1977 and 1983. Patients were contacted 6 months after admission and yearly thereafter to determine medical status. Patients were followed until they died, were lost to follow-up, or until closure of the registry for preparation of this article. Less than 5% of the patients were lost to follow-up during the period, which extended over 8 years for some patients. Most patients who were lost to follow-up refused to participate in the follow-up process. The reported population is based in a referral center and may not have the same relations found in a general population-based TIA study. However, there is no reason to expect a difference in the relations of risk factors and survival.
A first approach to analysis of the TIA population survival is to segment the patients into those with or without a single risk factor and to examine the survival in each subpopulation. For example, we may consider the survival of TIA patients with or without a history of hypertension. However, there are other risk factors, such as cardiac disease, which may affect the prognosis within the hypertensive and nonhypertensive groups. With such a lengthy list of risk factors potentially affecting survival (age, race, sex, history of hypertension, contralateral stroke, previous TIA, diabetes, cigarette smoking, etc.), the number of subpopulations grows exponentially. Eight risk factors, each measured at 2 levels, would subdivide the pa-tients into 256 categories, too many for meaningful analysis.
The alternative, which has not been widely applied to survival following neurologic events, is the use of regression modeling techniques to establish which factors influence survival and to estimate the extent of their impact. This is the approach used in this report, and to our knowledge it has not been previously applied to TIA mortality studies. We offer a word of caution since, as in all modeling approaches to analysis, a number of assumptions including proportionality of hazards and multiplicative risk structure have been made.
Possible prognostic factors are shown in Table 1 . During follow-up, 77 of the 451 patients (17%) died, 27 of cardiac disease, 17 of stroke, 30 of other causes, and 3 of unresolved causes. Since there was not a sufficient number of deaths from any one cause, mortality from all causes combined was considered as the outcome in this study.
Data were analyzed using a two-stage process. First, the Kaplan-Meier estimate of survival for the entire group, as well as for subgroups defined by the factors in Table 1 , was calculated, and the generalized Wilcoxon test was used to determine if each factor influenced survival. Second, the joint or simultaneous effects of the factors on survival, using proportional hazards analysis (Cox regression) in a forward stepwise procedure, was estimated, and the most significant factors were entered into the model. The significance of all factors not in the model was considered after adjusting for those factors in the model. If there were no additional significant factors after controlling for the factors already in the model, the process stopped; if any additional factors were significant, they were added to the model. The process was repeated until no more significant factors could be added to the model.
Results
The survival of our 451 TIA patients was estimated to be 95 ± 1.0% at 1 year, 92 ± 1.4% at 2 years, 88 ± 1.8% surviving to 3 years, 84 ± 2.1% at 4 years, 80 ±2.4% at 5 years, 69 ±3.6% at 6 years, and 62 ± 5.0% at 7 years.
The univariate impact of risk factors on survival of TIA patients is displayed in Table 1 . Age strongly influenced survival (p<0.001), with 90% of TIA patients < 55 surviving a 5-year period, while only 67% of TIA patients > 75 survived 5 years. Also, history of previous contralateral cerebral infarction, ischemic heart disease, and diabetes all played large roles: 83% of patients with no previous contralateral stroke survived 5 years compared with 62% survival in those with a history of previous contralateral stroke; 86% of patients with no clinical history of ischemic heart disease survived 5 years compared with 68% survival in those with such history; 84% of nondiabetics survived 5 years compared with 58% survival for diabetics. Race was also a significant factor but it did not play as large a role in the univariate analysis of survival of TIA patients. White patients had better 1-and 5-year survival than their black counterparts (96 vs. 86%, 82 vs. 51%, respectively; p<0.01).
In the univariate analysis, sex, distribution of the TIA, cigarette smoking, previous TIAs, and history of valvular heart disease, hypertension, or cardiac dysrhythmia played no significant role (p>0.05).
The proportional hazards analysis is reported in Table 2 , where 3 models are presented. The Univariate columns show the risk ratios and significance of each factor considered individually in the proportional hazards model and relate closely to the findings in Table 1 . Age is the primary factor influencing survival. The After age columns of Table 2 show the risk ratio and significance of the other factors in a proportional hazards model after adjustment for age. The risk ratio and significance of age are omitted. The final columns, Complete, show the risk ratios and significance of factors in the final model. The risk ratios and significance levels are provided for those factors included in this final model, while significance levels for factors not influencing survival are also indicated.
The univariate, proportional hazards analysis shown in Table 2 shows results similar to those of the previous Kaplan-MeierAVilcoxon approach shown in Table 1 . Survival was still strongly affected by age (p<0.0001), previous contralateral stroke {p = 0.009), ischemic heart disease (p = 0.0006), and diabetes (p = 0.01), with the direction of effects similar to those found in the Kaplan-Meier analysis. Race was still of marginal significance (p = 0.04), and history of hypertension became marginally significant (p = 0.05). Sex, distribution of the TIA, cigarette smoking, previous TIA, and history of valvular heart disease or cardiac arrhythmias were still of no statistical significance (/?>0.10).
After controlling for age, the effects of the other variables became apparent. Race, marginally significant (p = 0.04) before controlling for age, became nonsignificant (p = 0.3) after. Cigarette smoking, nonsignificant before (p = 0.40), became significant after controlling for age (p = 0.03). This effect is due to different ages for these two factors. The average age of white patients in this study was 63 compared with 66 years for black patients; hence, part of the reason for black patients faring relatively worse in the univariate analysis is that they are an average of 3 years older than white patients. After controlling for the difference in ages, there were no significant differences due to race. On the other hand, the average age of nonsmokers was 65 compared with smokers' 60 years. In the univariate analysis, nonsmokers' mortality was no different from that of smokers, despite the fact that nonsmokers were an average of 5 years older. After controlling for age, the outcome for the nonsmokers was found to be better than that for their smoking counterparts.
In the final model, a surprising number of factors influenced survival of TIA patients after controlling for other factors in the model. Age (p< 0.0001), cigarette smoking (p = 0.006), and history of ischemic heart disease (p = 0.002) all clearly influenced survival, while distribution of the TIA (p = 0.05), history of previous contralateral stroke (p = 0.02), and history of diabetes (p -0.02) were related in a less clear manner.
With other factors held constant, for each age increment of 1 year the relative risk increases by a factor Each of the other factors had an estimated hazard ratio of approximately 2. Patients who smoke or have a history of contralateral stroke, ischemic heart disease, or diabetes are at twice the risk of their relatively more well counterparts. Risks in the proportional hazard model are assumed to be multiplicative, so patients with 2 traits are at 4 times the risk, patients with 3 traits are at 8 times the risk, and so forth. Patients with vertebrobasilar distribution TIAs (VB TIAs) had their risk reduced by about one-third (risk ratio = 0.62).
First-degree interaction terms between factors in the model were considered, and none were found to be significant (/>>0.05).
In Table 3 , 1-and 5-year survival estimates are provided for ages 50, 60, and 70 for each stratum defined by the factors in the final model, as well as the average race-and sex-adjusted survival rates for the United States. For both VB and non-VB TIAs with no other risk factors, the estimated 1-year survival was quite high, all ^ 97%, and the 5-year survival was > 90% for all but the older non-VB TIA patients. With a single risk factor (ischemic heart disease, or diabetes mellitus, or current smoking, or previous stroke), the 1-year survival was not drastically reduced, ranging across the ages from 99 to 96% for VB TIAs and 98 to 94% for non-VB TIA patients. The 5-year survival for the single-risk-factor patients ranged from 95 to 82% for VB TIAs and from 92 to 73% for non-VB TIAs. With 2 risk factors, the patients' survival continued to decrease for VB TIAs, ranging from 98 to 93% for 1-year survival and 90 to 68% for 5-year survival, and for non-VB TIAs, ranging from 97 to 87% and 84 to 52% for 1-and 5-year survival. With 3 risk factors, the prognosis continued to decline, 1-year survival estimates ranging from 95 to 86% for VB TIAs and 93 to 77% for non-VB TIAs, and 5-year survival estimates of 78 to 40% and 69 to 25% for VB and non-VB TIAs, respectively. With all 4 risk factors present, survival was rather dismal, with 1-year estimates ranging from 91 to 72% for VB TIAs and 86 to 59% for non-VB TIAs, and 5-year estimates of 60 to 17% and 44 to 6%, respectively.
When considering 1-or 5-year survival, the TIA patients without additional risk factors fared as well as the general US population. When considering 1-year survival, TIA patients with a single additional risk factor fared nearly as well as the general US population.
After adjustment for significant factors, race, sex, and history of previous TIAs, valvular heart disease, or cardiac arrhythmias did not influence survival
Discussion
The 5-year mortality of the 1977-1983 cohort, 20%, is about half the 1971-1976 rate, 36%, and is nearer the findings of other reports. This could be explained several ways: 1) more subtle TIAs are being discovered so that the previous series represented a more seriously ill group, 2) differences in the risk factor profiles, for example 55% ischemic heart disease in our 1971-1976 cohort compared with 40% in our 1977-1983 cohort, 3) improved care, and 4) more aggressive risk factor reduction.
A number of factors influencing outcome are of no surprise; age, history of ischemic heart disease, and history of previous contralateral stroke should all influence how long anyone lives whether or not a TIA has occurred. Others have reported that VB TIAs do not have the same risk as carotid TIAs, so this finding was not surprising. However, the impact of cigarette smoking and diabetes mellitus on survival are of a magnitude equal to that of a previous stroke or ischemic heart disease.
Patients who have risk factor profiles that differ by these factors were found to have greatly different prospects for survival. In Table 1 , large differences in the 5-year survivorship begin to appear; for example, 90% survival for young (< 55) TIA patients vs. 67% for older TIA patients (> 75), or 85% survival for patients free of ischemic heart disease vs. 68% for those patients with such disease. However, even more interesting is the fact that both the number of factors and the magnitude of their associated risk ratios are jointly significant in the final proportional hazards model. In addition to the anticipated effect of age, we found that cigarette smoking, previous contralateral stroke, previous TIAs, ischemic heart disease, and diabetes were jointly significant, with risk ratios of approximately 2.0. In the proportional hazards analysis, the impact of factors is estimated in a multiplicative manner; hence, the estimated risk to the patient is 2 times greater for any one of these risk factors, 4 times greater with 2, 8 times greater for patients with 3, and so forth. Therefore, differences in the risk of death are very great between patients who differ by 2, 3, or 4 risk factors. Table 3 , which provides survival estimates at 1 and 5 years, has major medical care implications. The consideration of TIA patients as a single group or the breakdown of risk factors one at a time ignores the large range in prognoses that is present in the TIA population. TLA patients, even older patients, with few risk factors tend to fare quite well. Patients who have a TIA in the absence of other major risk factors have a very positive prognosis, even in those patients aged 70, with 91% of the VB TIAs and 86% of the non-VB TIAs surviving 5 years. However, as the number of risk factors increases, the prognosis of the patient declines. With 3 or 4 risk factors, VB TIA patients > 70 have a < 50% chance of surviving 5 years, and non-VB TIA patients > 60 have a < 50% chance of surviving 5 years. This observation provides a potential underlying cause for the large reported differences among the mortality of TIA populations in the literature. If our observations are generalized to other TIA populations, two populations with even marginally different rates of a number of risk factors may have drastically different survival outcomes. Hence, the dif-to see it present in a study of only 451 patients would be surprising. However, patients suffering valvular heart disease or cardiac dysrhythmia were not at increased risk in either the univariate or multivariate analysis. One possible reason for this, particularly in the valvular heart disease group, is that there were too few patients with the trait to statistically detect the differences. Also, hypertension was only marginally significant in the univariate analysis and clearly nonsignificant in the proportional hazards analysis after controlling for age.
The observation that TIA patients with 1 or 0 additional risk factors (ischemic heart disease, diabetes mellitus, current smoking, or a previous stroke) fare as well as the United States race-and sex-adjusted population leads one to speculate that TIA, in the absence of these risk factors, does not bear the negative prognostic outcome it has, until now, been assumed to carry. TIA patients with few risk factors fare well, even better than the high estimates provided by Muuronen and Kaste. 2 In fact, the mortality of a TIA patient is reduced greatly below that of the United States average mortality only if he/she has at least 3 of these risk factors. What is missing is the expected survival of persons who are free of TIA but who have at least 3 of the 4 risk factors and how their expected survival compares with comparable TIA patients' survival. One would speculate that a person free of TIA but with 3 of these 4 risk factors would have a prognosis perhaps as poor as those TIA patients with 3 risk factors. Hence, one may question TIA as a risk factor for death.
